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(64) METHOD OF MANUFACTURING THIN-FILM TRANSISTOR 



(57) All or a part of the thin films such .as a silicon 
film, an insulation ff Im'and^ conductive film constituting 
the thin fiJm transistor is formed using a liquid material 



by ^ method mainly comprising the steps oft foaming a 
coating film by coating a substrate with the liquid mate- 
rial; and forming a thin film with a desired thickness by 
heat-treating the coating film. 
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Description 
Technical Field 

s 100011 The present invention relates to a method for manufacturing a thin film transistor to be used for liquid crystal 
display devices, euto-lumlnesoertt display devices end LSIs. In more detail, the present invention relates.to a method 
formenufacturing a thin Aim transistor by forming a thin film constituting the thin film transistor using a liquid material. 

Background Art 

10 [0002] A thin film transistor is usually composed of a thin films such as semiconductor films. Insulation films and 
conductive films. When these thin films are categorteed depending on their fonctions, the Insulation film Includes gate 
insulation films and Interlayer insulation films, and the conductive film is used for gate eleetrodes source/dralr i elec- 
trodes, pixel electrodes and wiring lines. These thin films have been mainly deposited by a CVD (Chemical Vapor 

16 Deposition) method and a sputtering method. „ . 

I0 0O3] Silicon films suoh as amorphous silicon films and poly-slllcon films have been mainly used for toe semicon- 
ductor films. The silicon films have been usually formed by a thermal CVD method, a plasma CVD method or a photo- 
CVD method using rnonostlane gas or diamine gas. The thermal CVD method has been generally used ^ depositing 
the poly-slllcon film (J- Vac ScL Technology, vol- 14. P 1082 (1977)). while the plasma CVD method has been widely 

20 used for depositing the amorphous silicon (Solid State Com., vol. 17, p11 93 (1975)). 

[00041 However, the silicon film formed by the CVD method have involved some problems to be improved in the 
manufacturing process: (1) manufecturlng yield Is low due to contamination of the manufacturing apparatus andgen- 
eration of foreign substances, since silicon particles appear in the gas phase to be used for the gas phase reaction, 
(2) a silicon film with a uniform thickness can not be deposited on a substrate having a rough surface, since a gaseous 

28 starting material is used. (3) e step for heating the substrate is required, and productivity is low due to a slow deposition 
rats of the film, and (4) a complicated and expensive microwave generator and an evacuation apparatus are necessary 

So051 Pl ^nd?iiIlg oTwgWy reactive gaseous silicon hydride to be used as a starting material Is difficult, besides re- 
quiring an air-tight evacuation apparatus as well as a pollutant elimination apparatusfor the treatment of exhaust gases. 

so Not only wch large scale facility Itself Is expensive, but also a large amount of energy Is consumed in the vacuum 

system and plasma system, rendering the product a high manufacturing cost. 

[0006] A method for coating liquid silicon hydride, that Is free from the vacuum system has been proposed in recent 
years. Japanese Unexamined Patent Application Publication No. 1-29681 disci(»sesamethodforfo^ng aM1conthln 
film by allowing a gaseous material to be liquefied and absorbed on a chilled substrate as a liquid, followed by allowing 

3b the substrate to react with chemically active atomic hydrogen. However, the method also involves a problem that a 
complicated apparatus is required for continuously evaporating end liquefying silicon hydride, and control of the film 

raot7T W Wh?iTj^anese Unexamined Patent Application Publication No. 7-267621 discloses a method for coating 
the substrate with, low molecular weight liquid silicon hydride, on the other hand, handling of this complex system is 

40 so troublesome that it is difficult to obtain a uniform film thickness when applied to a laroe area substrate. 

[0008] While an exemple of a soBd silicon hydride polymer has been reported in UK Patent GB-2077710A. it is 
Impossible to form a film by coating since the compound Is Insoluble In solvents. ^ 
[00091 The thermal CVD method, plasma CVD method and sputtering method have been widely used for forming a 
gate insulation film used for thin film transistors, an insulation film for the Interlayer Insulation film, and an electrode 

46 conductive film for the gate electrode and source/drain electrodes. The conductive film to be used for the thin film 
transistor Is used for the gate electrode, source/drain electrodes, wiring lines for connecting among the electrodes, 
and wiring lines for a power circuit, and a metal film such as Al, Cu, Cr or Ta film Is used as the conductive film. The 
conventions! sputtering method is widely used for forming the metal film and siltsidefilm. While a transparent conductive 
film in addition to the foregoing conductive film Is required for the thin film transistor to be used for a liquid crystal 

so display' device, an ITO film Is usually used for the transparent conductive film, which is deposited by the sputtering 
method as used in forming the metal film. 

[001 01 The CVD method Involves the following four features, which are the same as those In forming the silicon film 
as an insulation film: (1) manufacturing yield Is low due to contamination of the manufacturing apparatus and generation 
of foreign substances, since silicon particles appear In the gas phase to be used for the gas phase reaction, (2) a 
05 silicon film with a uniform thickness can not be deposited on a substrate having a rough surface, since a gaseous 
starting material is used, (3) a step for heating the substrate Is required, and productivity is low due to a slow deposition 
rate of the film, and (4) a complicated and expensive microwave generator and an evacuation apparatus are necessary 
in the plasma CVD method. 
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[0011] An evacuation apparatus, In. addition to a vacuum pump as wall as a target material, a sputtering power sourca 
and a substrata heating apparatus, are required for the sputtering method to be utilized In forming the conductive film 
mainly comprising a metal film and the transparent conductive film. Although a toxic and combustible gas is seldom t 
used in the sputtering method as compared with the CVD method, the film is deposited not only on the. substrate as a 

* ' film deposition object, but also on the Inner wall of the chamber In which the substrate la placed. Peeled pieces of the 
deposition material from the inner wall serve aa foreign substances during the film deposition process to result in 
decreased manufacturing yield of the product as In the CVD method. It Is the common drawbacks of the sputtering 
method with the CVD method that the film thickness Is uneven at the rough portions on the surface of the substrate, 
productivity Is low, and the facilities become large scale and expensive beoause an evacuation apparatus Is required. 

10 [0012] The method for forming the thin film by the conventional CVD method and sputtering method have Involved 
the problems of low productivity, high Incidence of film defects end lowyleld, uneven film thickness at the rough surface 
portions, and breakage of wiring patterns at the steps. These problems also cause increased manufacturing .cost of 
the thin film transistor- These problems in the CVD method and sputtering method arise from Intrinsic features of the 
film deposition method such as use of the evacuation apparatus, need of heating of the substrate, requirement of a 

19 power source for plasma generation, and film deposition on unnecessary portions such as the inner wall of the appa- 
ratus other than the substrate. These intrinsic features cause other problems in that the large scale apparatus leads 
to a high faculty cost and the running cost of the apparatus is also high. 



20 



Disclosure of Invention 



[0013] The present invention proposes a method for manufacturing a thin film transistor by a novel method essentially 
different from the conventional film-deposition method. While the thin films such as a silicon film end an Insulation film 
in the thin film transistor have been deposited by a CVD method or a sputtering method, a desired thin film Is formed 
in the present Invention by coating a substrate with a liquid material to form a coating film, followed by heat-treating 
25 the coating film. ' . t „ 

[0014] The object of the present Invention Is to provide a method for solving the Intrinsic problems involved In the 
conventional film deposition method, providing a method for manufacturing a thin film transistor with a low manufac- 
turing cost using a compact and cheap apparatus for forming a thin film with high productivity, less Incidence of film 
defects, high manufacturing yield, tfrhall number of wiring breakage at the steps, and low manufacturing cost. « 
30 [0015] All or a part of the thin films suoh as the silicon film. Insulation film and conductive film constituting the thin 
film transistor are formed using a liquid material in the present Invention for solving the foregoing problems. The method 
mainly comprises the steps oft forming a coating film by coating a substrate with tfie liquid material; and forming a 
desired thin film by heat-treating the coating film. 

[0016] In a first aspect of the method for manufacturing a thin film transistor, the silicon film Is formed by the steps 
59 comprising: forming a coating film by coating a liquid material containing silicon atoms; and heat-treating and/or Irra- 
diating a light for converting the coating film into the silicon film. 

[0017] In a first aspect so configured as described above, the heat treatment step desirably comprises a first heat- 
treatment step for converting the coated liquid material into an amorphous silicon film, and a second heat treatment 
step for converting the amorphous silicon film into a polycrystalilne silicon film. 

40 [001B] Preferably, the liquid material containing silicon atoms contains a silicon compound having a cyclic group 
represented by a general formula of Si^X™ (wherein n represents an integer of 5 or more, m represents an Integer of 
n, 2n-2 or 2n. and X represents a hydrogen atom and/or a halogen atom) In the flrat aspect described above. 
[0010] It Is desirable that n Is $n Integer In the range of 5 or more and 20 or less in the silicon compound having a 
cyclic group represented by the general formula of In the silicon compound having a cyclic group represented 

4« by a general formula of Sln^m (wherein n represents an Integer of 5 or more, m represents an integer of n. 2n-Z or 2n, 
and X represents a hydrogen atom and/or a halogen atom) in the first aspect described above. 
[0020] It Is also desirable that the solute concentration of the solution containing the silicon compound having a cyclic 
group represented by the general formula of SiftX m is In the range of 1 to 00% by weight 

[0021] It is also desirable that the solution containing the silicon compound having a cyclic group represented by the 

so general formula of Sl^ has a viscosity of 1 to 100 mPa-s. 

[0022] it is also desirable that the solution containing the silicon compound having a cyclic group represented' by the 
general formula of SiJCm has a vapor pressure of 0.001 to 100 mgHg at room temperature. 
[0 023} It Is also desirable that hydrocarbons are used for the solvent for the solution containing the silicon compound 
having a cyclic group represented by the general formula of Si^X^. 

56 [0024] fn a second aspect, the present Invention provides a method for manufacturing a thin film transistor fbrmed 
on an Insulation substrate or Insulation film, comprising the steps of: forming a coating film by coating a liquid material 
containing silicon atoms: and heat-treating for converting the coating film into the silicon film, the step for forming the 
gate Insulation film and interiayer Insulation film comprising the steps of coating the substrate with polysilazane, end 
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converting coated polysilazane into a SiOj film by heat-treatment 

, [0025] In a third aspect, the present invention provides a method for manufacturing a thin film transistor formed on 
an Insulation substrate or Insulation film, comprising the steps of: forming a coating film by coating a liquid material 
containing silicon atoms on the substrate; end heat-treating for converting the coating film into a silicon film, the step ' 
s for forming the a gate electrode and source/drain electrode comprising forming a coating film by coating a liquid material 
containing a metal on the substrate, converting the coating film Into a conductive film by heat-treatment, and patterning 
the conductive film. 

[0026] it Is preferable in the third aspect that the gate electrode and the source/drain electrodes are formed by forming 
a conductive film on the substrate by plating, followed by patterning the conductive film. 

io [0027] It is preferable In the third aspect that the gat? electrode and source/drain electrodes are formed by the steps 
comprising: forming a conductive film on the substrate by plating; and patterning the conductive film. 
[0Q28] It Is preferable in the third aspect that the gate electrode and source/drain electrode are formed by the steps 
comprising: forming a coating film by coating an organic compound containing indium and tin; and heat-treating for 
converting the coating film into a ITO (Inslum-Tln-Oxide) film. 

15 [0029] In a fourth aspect, the present invention provides a method for manufacturing a thin film transistor formed on 
an insulation substrate or Insulation film, comprising the steps of: forming a coating Aim by coating a liquid material 
containing silicon atoms on the substrate; heat-treating for converting the coating film into a silicon film, the step; for 
forming a transparent conductive film comprising forming a coating film by coating an organic compound containing 
Indium and tin; and heat-treating for converting the coating film Into an ITO (Indium-TTn-OxIde) film. 

20 [0030] In a fifth aspect, the present invention provides a method for manufacturing a thin film transistor formed on 
an Insulation substrate or Insulation film, comprising the steps of: forming a coating film by coating a liquid material j 
containing silicon atoms on an Insulation substrate or Insulation film; heat-treating for converting the coating film Into 
a silicon film; forming an Islet region that saves as a source, drain and channel by pattering the silicon film; forming a 
gate Insulation film; forming a gate electrode; Injecting impurities Into the source/drain regions; forming an interiayer 

25 insulation film; opening contact holes on the interiayer insulation film; and forming electrodes and wiring lines. 

[0031] In a sixth aspect, the present invention provides a method for manufacturing a thin film transistor formed on 
an Insulation substrate or Insulation film, comprising the steps of: forming a semiconductor layer that serves as a 
source/drain regions on an insulation substrate or insulation film; forming a coating film by coating a liquid material 
containing silicon atoms on the substrate; heat-treating for converting the coating film into a silicpn film: forming an 

30 islet region that serves as a channel region to be connected to the source/drain regions by patterning the silicon film; 
forming a gate Insulation layer; forming a gate electrode; forming an Interiayer Insulation film; opening contact holes 
on the interiayer insulation film: and forming electrodes and wiring Ones. 

[0032] In a seventh aspect, the present invention provides a method for manufacturing a thin film transistor formed 
on an insulation substrate or insulation film, comprising the steps of: forming a gate electrode on an insulation substrate 
35 or insulation film; forming a gate insulation layer forming a coating film by-costing a liquid material containing silicon 
atoms on the substrate; heat-treating for converting the coating film into a silicon film; forming a semiconductor layer 
that serves as source/drqin regions; and forming electrodes and wiring fines. 

[0033] In a eighth aspect the present invention provides a method for manufacturing a thin film transistor comprising 
thin films of a silicon film, an Insulation film and a conductive film, wherein ail the thin films are formed using a liquid 
40 material, and the method for forming the thin films comprises no evacuation apparatus. 

[0034] In a different aspect, the present invention provides a method for manufacturing a thin film transistor com- 
prising thin films of a silicon film, a gate insulation film, a gate electrode conductive film, an Interiayer insulation film, 
s conductive film for electrodes and wiring lines, and a transparent conductive film, wherein all the thin films are formed 
using a liquid material, and the method for forming the thin films comprises no evacuation apparatus. 

45 

Brief Description of the Drawings 

[0035] Fig. 1 shows a process for forming thin films using a liquid material. • 
[0036] Fig. 2 shows coating films formed using a liquid material- 
$o [0037] Fig. 3 shows the process for forming thin films by the conventional CVD method. 

[0038] Fig* 4 crosses sections showing a manufacturing process of a co-planar type thin film transistor according to 
Example 1 of the present Invention. 

[0039] Fig. 5 Is cross sections showing a manufacturing process of a stagger type thin film transistor according to 
Example 2 of the present invention. 
55 [0040] Fig. 6 is cross sections showing a manufacturing process of a reversed stagger type thin film transistor ac- 
cording to Example 3 of the present invention. 
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Best Mode for Carrying Out the Invention 

[0041] Thin films constituting a thin film transistor comprises a silicon film, an Insulation film and a conductive film, 
and a transparent conductive film Is used as an additional thin film in the thin Him transistor to be used for a liquid 

5 crystal display device. These thin films have been mainly formed by a CVD method or a sputtering method. However, 
the thin films formed by the conventional CVD method and sputtering method Involved the problems of low productivity, 
high incidence of film defects and poor manufacturing yield, uneven film thickness at rough portions on the surface, 
and breakage of wiring patterns at the steps. These problems result in cost-up of the thin film transistor manufactured 
by the method ad described above. These problems In the CVD method and sputtering method arise from Intrinsic 

10 features of these film deposition method such as using an evacuation apparatus, requiring a substrate heating means, 
requiring a power source for generating plasma, and causing film defects due to foreign materials formed by peeling 
of films formed on excess portions on the inner wall of the apparatus other than the substrate. These Intrinsic features 
also involve the problems of large scale facilities to increase the facility cost, and high running cost of the apparatus. 
[0042] Fig. 3 shows a standard manufacturing process for film deposition by the conventional CVD method. The 

15 substrate placed In a CVD apparatus is evacuated after being transferred Into a load-Jock chamber, and Is heated after 
being transferred into a heating chamber followed by film deposition by being transferred into a process chamber. The 
process chamber has a heating mechanism for maintaining the temperature of the substrate. A microwave is applied 
for forming a plasma of an Introduced gas for film deposition by applying the microwave after the gas pressure has 
been stabilized. The remaining gas Is purged after the film deposition, and the substrate is transferred into the load- 
20 lock chamber to take out Into the sir after supporting with a bent Since the process gas to be used In the CVD method 
mostly comprise a toxic or Combustible gas, a gas-leak sensor and a pollutant elimination apparatus for rendering the 
exhaust gas harmless should be installed for the sake of safety control of the CVD apparatus. The toxic or combustible 
gas should be thoroughly purged In the gas-purge step, forcing to waste a long time before completing the film depo- 
sition process. 

25 [0043] Rims are deposited in the sputtering method by an almost the same treatment step as in the CVD method 
as shown in Fig. 3. The sputtering method differs from the CVD method In that an inert gas such as Ar Is mostly used 
and toxic and combustible gases are seldom used, and a DC power source Is used Instead of the microwave. However, 
these are slight differences in comparison with the entire manufacturing process and constitution of the apparatus for 
forming the thin film as a whole. The sputtering method also involves the same problems as those in the CVD method 

30 \n that the apparatus has a large site and the productivity is low. 

[0044] On the contrary; the thin film is formed starting from liquid materials. The mqjor process comprises forming a 
costing film of the liquid material on a substrate, and heat-treating for converting the coating film into a functional film. 
The coating film Is formed by a spin-coat method, roll-coat method, curtain-coat method, dip-coot method, spray method 
and ink-jet method. The structure of a coating apparatus to be used for these methods Is quite simple, because It Is 

35 basically composed of a stage or a holder for holding the substrate, and a mechanism for coating a liquid on the 
substrate. While the apparatus used in a heat-treatment step and/or light Irradiation step comprises a heat-treatment 
apparatus such as an oven, a baking furnace and an annealing furnace, and a light irradiation apparatus using a 
halogen lamp or UV lamp as a light source, these apparatus has also a very simple structure. 
[00*51 Fig. 1 shows one embodiment of the method for forming a thin film from a liquid material according to the 

40 present invention. While control of the atmosphere Is required in the steps for coating the film and for forming the thin 
film depending on the liquid material to be used, the process is basically carried out in air. One may recognize how 
simple Is the method for forming the thin film according to the present Invention, in comparison with the film deposition 
steps by the conventional CVD method and sputtering method. In the apparatus for forming the coating film by the 
spin-coat method shown in Rg. 2, only a stage 201 capable of rotating, and a dropwise addition mechanism of the 

45 liquid material 203 on the substrate 203 are necessary. A heating device comprises a stage or holder on which the 
substrate Is placed, and a heating mechanism. Accordingly, It may be understood that the apparatus to be used in the 
present invention is compact and cheep as compared with the conventional CVD and sputtering apparatus. 
[0046] The present Invention is able to solve the Intrinsic problems of the conventional film deposition method, making 
it possible to form the thin film with low cost and to manufacture a low cost thin film transistor With higher productivity. 

so smaller Incidence of film defects, higher manufacturing yield, and good coverage of the steps. 

[0047] As hitherto described, all or a part of the thin films of the silicon film, insulation film and conductive film are 
formed using the liquid material In the method for forming the thin film transistor according to the present invention. 
While the basic process comprises fanning the coating film by coating the liquid material on the substrate, and con- 
verting the coating film Into a thin film by heat-treatment, a step for forming a desired thin film on the surface of the 

ss substrate by dipping the substrate in the liquid material may be Included in the process. The spin-coat method, roll- 
coat method, curtain-coat method, dip-coat method and Ink-Jet method may be used for forming the coating film on 
the substrate. 

[0048] Silicon compounds involved in the liquid material to be used In the present invention for forming the silicon 
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film are represented by a general formula of Si n X m (wherein rj represents an integer of 6 or more, m represents an 
Integer of n. 2n-2 or 2n t and X represents a hydrogen atom and/or a halogen atom). 

[0048] The Integers n and m In the sltloon compound represented by the general formula of S\^ m are preferably 5 
or more and 20 or less, and 5 or 6, respectively. Handling of the silicon compound becomes difficult due to distortion 

s of its cyclic structure when n is smaller than 5, while selection range of the practically available solvents becomes 
narrow due to decreased solubility of the sllloon compound asoribed to the aggregation force, when n Is larger than '20- 
[0050] Examples of the monocyclic silicon compounds represented by the general formula above include cyclopen- 
ta$ilane f silylcyclopentasilane. cyclohexasiiane, cyiylcyclohexacylane, and cycloheptaeilane, and examples of the bl- 
eyplic silicon compounds include 1,1-biseyeiobutesilane, l.r-biscyelopentasilane, U-biscyclohexasifane, 1/T-blscy- 

10 cloheptasllane. 1.1'- cyclobutasilylcyclopantasilane, 1 r r-cyclobutasilyl-cycIohexa6ilane, 1,r-cyclobutasilylcyclohep- 
tasilane, 1,r-cyctopentasilylcyclohaxasilane, l.t-cyolopentasllylcyoloheptasilane, 1 f r-cyclohexasily1-cydoheptasI- 
tane. $pIro[2,2]pemtaslIane. spto[3.3]-heptasilane, spiro[4,4]nonasilane, spiro[4,5]decasilane. spiro[4 t 6]undecasil&ne, 
sporo[5,5]undecasilane, spiro[5,6]dodecasilane, spiro[6,6]trldeoasilane. 

[0051] Examples of polyoycllo silicon compounds include silicon hydride compounds of the compounds 1 to 5 shown 
is below: 



20 



2$ 




30 



36 




Compound 4 Compound 5 



[0052] Another examples other than the silicon compounds described above include silicon compounds In which 
hydrogen atoms In the frame structure $re partially substituted with S1H 3 groups or halogen atoms. A mixture of two 
or more of these compounds may be used. Particularly preferable from the point of solubility in solvents are 1,1 ■- 
45 Wscyclopentasilane, l,l'-biscyclohexasilane, spiro[4,4]nonasiIane, spiro[4,6]decasilane. spirofoSJundecasilane and 
spirop^dodecasilane, and silicon compounds having Sih% groups In their frame. 

[0053] While a solution essentially containing a silicon compound having a cyclic group represented by the general 
formula of Si^^ Is used for forming the silicon film according to the present invention, the solution may contain other 
silicon compounds such as n-pentasllane, n-hexasllane and n-heptasllane. 
50 [0054] The silicon compound to be used in the present invention can be manufactured by the following methods 
using a monomer having s corresponding structural unit as a starting material 

(a) A dehalogenatlon condensation polymerization of halosllanes In the presence of an alkali metal, so-called 
Klpping's method [J. Am. Chem- Soc., 110, 124(1988); Macromolecules. 23, 3423(1990)]; 
55 (b) A dehalogenation condensation polymerization of halosilanes by an electrode reduction [J. Ch'em. Soc, Chem. 

Commun., 1161(1990); J- Chem. Sop., Chem. Common.. 897(1992)]; 

(c) A dehydrogen condensation polumerizat'on of hydrosilanes in the presence of a metallic catalyst (Japanese 
Unexamined Patent Application Publication No. 4-334551); 
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(d) An anion polymerization of disiiene cross-Inked with blphenyt [Nacromolacules, 23, 4494(1990)]; and 

(e) After synthesbdng the cycllo silicon compound substituted with a phenyl group or alky! group by the method 
described above, the product may be converted Into compounds substituted with a hydroxyl group or halogen 
atom by a method known In the art [for example, Z. anorg. allg. Chem., 459, 123-130(1979)]. These halogenated 

6 cyclosilenc compounds can be synthesized by a method known In the art (for example, E. Hengge et al. f Mh. 

Chem. vol. 10, p503 (1976); E. Hengge et el., Z. anorg. allg. Chem., vol. 621, p16l7(1995); P, BOudjouket. aL, J. 
Chem. Soo., Ghent Commun. P777 (1984)], and a chlorinated compound* hydrogenatsd compound and partially 
chlorinated compound may be used by optimizing the synthetic conditions. 

10 fOOSSJ A solution prepared by dissolving the silicon compound represented by the general formula Sl^ Is coated 
on the substrate in the present Invention. The solvent to be used In the present Invention usually has a vapor pressure 
in the range of 0.001 to 200mmHg at room temperature. It may be sometimes difficult to form a good coating film when 
the vapor pressure Is higher than 200 mmHg, because the solvent evaporates earlier before forming the coating film. 
When the vapor pressure Is lower than 0.001 mmHg, on the other hand, drying of the coating film Is so slow that the 

1$ solvent is liable to be remained in the coating film, thereby making ft difficult to obtain a good quality silicon film after 
the heat treatment and/or light irradiation treatment The solvents to be used in the present Invention are not particularly 
restricted provided that they do not react with the silicon compound. Examples of the solvents include hydrocarbon 
solvents such as n-hexane, n-heptane, n-octane, n-decane, dlcyciopentane, benzene, toluene, xylene, dulene, indene T 
tetrahydronaphthalene. decahydronaphthalene, and squalene; ethers such as dlpropyiether, ethyfeneglycol dimethyl- 

20 ether, ethyfeneglycol diethytether, ethyleneglycol methylethylethef. diethylsneglycol dimethyfether, ethyfeneglycol dl- 
ethylether, diethytenegtycoi methylethylether, tetrahydrafuran, 1,2-diethoxyethane, b!s(2-methoxyethyi)ether # and p- 
dioxane; and polar solvents such as propylene carbonate, fbutyrolactone. N-methyt-2-pyrrolldone, N-methyi-2-pynno- 
lldone„ dimethytformamide, ecronitrile T dimethyls ulfoxlde, and chloroform. Hydrocarbon solvents and ether based sol- 
vents are preferable among them in view of solubility of the silicon compounds andmodiffed silicon compounds, and 

26 more preferable solvents are the hydrocarbon solvents. These sofvents may be used elone or as a mixture thereof. 
The hydrocarbon solvents are particularly suitable since they can improve solubility of the silicon compounds besides 
suppressing the amount of residual silicon compounds in the heat treatment or light Irradiation treatment to be described 
hereinafter. 

[0056] Feeding of a gas is not required In the method for forming the silicon film according to the present invention, 
30 bs In the conventional CVD method. After coating the silicon compound dissolved in a solvent on the substrate, the 

solvent Is dried to form a film of the silicon compound, followed by converting the silicon compound film into a metallic 

Silicon film by heat-decomposition or photolysis. The method to be used for coating the solution of the silicon compound 

include a spin-coat method, roll-coat method; curtain-coat method, dip-coat method, spray method and Inkjet method. 

The solution Is usually coated et room temperature, because a part of the solute may precipitate at a temperature 
$9 below the room temperature due to decreased solubility of the silicon compound. The solution Is preferably coated in 

an inert gas atmosphere such as nitrogen, helium and argon. A reducing gas such as hydrogen may be preferably 

mixed In the atmosphere if necessary. 

[0057] While the rotational speed of a spinner when the spinner is used is determined by the thickness of the thin 
film to be formed and the composition of the coating solution, it Is usually 100 to 5000 rpm and preferably 300 to 3000 
40 rpm. A heating treatment is applied for removing the solvent after coating. While the heating temperature is different 
depending on the kind and boiling point (vapor pressure) of the solvent, it is usual ly 1 00 to 200*C. The same^atmosphere 
such as helium and argon as used in the coating step is also preferably used for drying. 

[0058] The silicon compound is converted Into the silicon film by treating with heat or light in the present Invention. 
While the silicon film obtained In the present invention is amorphous or polycrystalline, an amorphous silicon film or 
46 polycrystalline silicon film can be obtained by a heat treatment with a final temperature of less than about 550*0 or 
550»C or more, respectively. The film Is heat-treated preferably at 300°C to 550°C, more preferably et 3S0°C to 500°C, 
when one desires to obtain en amorphous silicon film. When the final temperature is less than 300°C, the silicon 
compound is not completely decomposed by heat to fall In obtaining a silicon film having a sufficient thickness. It Is ' 
• preferable to apply the heat treatment in an inert gas atmosphere such as nitrogen, helium and argon, oY in an atmos- 
phere in which a reducing gas such as hydrogen Is mixed. The amorphous silicon film may be converted into a poly- 
crystalline silicon film by Irradiating a laser beam to the amorphous silicon film, if it is desirable. An atmosphere not 
containing oxygen, for example en atmosphere In nitrogen, helium or argon, or an atmosphere In whlcH a reducing 
gas such as hydrogen Is mixed, is preferably used for laser Irradiation. 

[0059] On the other hand, the coating film of the silicon compound may be subjected to a light irradiation treatment 
50 before removing the solvent in an inert atmosphere. The silicon compound soluble In a solvent Is not only converted 
into a tough and solvent insoluble coating film by the light Irradiation treatment, but also Is converted into a silicon film 
having excellent photoelectric characteristics by the light irradiation treatment, or by a heat treatment simultaneously 
applied with the light irradiation treatment 
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[0030] The ifght source to be used for the light Irradiation treatment far converting the silicon compound Into the 
silicon film Include a mercury lamp, deuterium lamp or an electric discharge light from a rare gas such ©8 argon, krypton 
and xenon, as well as a YAQ laser, argon laser, carbon dioxide laser, and eximer laser such as XeF, XeCl, XeBr, KrCJ, 
ArF and ArCI lasers. While these light sources have in general an output power of 10 to 5000W, an output power of 

5 1O0 to 100OW may be sufficient While the wavelength of these light sources is not restricted provided that the light is 
absorbed by the silicon compound to some extent. It is usually In the range of 170nm to BOOnm, and a wavelength of 
I70nm to 380nm is particularly preferable from the point of absorption efficiency. Use of the laser light Is particularly 
preferable from the point of conversion efficiency to the polycrystalline silicon. The temperature for the light Irradiation 
treatment Is usually from room temperature to 500°^ but the temperature may be appropriately selected depending 

io on the characteristics of the silicon film obtained as a semiconductor. 

[0001] The concentration of the silicon compound solution Is about 1 to 80% by weight in the present invention, which 
may be adjusted depending on the desired thickness of the silicon film. When the concentration exceeds 60% a uniform 
costing film cannot be obtained because the solute Is liable to precipitate. 

[00521 A trace amount of a fluorine based, silicon based or nonlonlc surface tension adjusting agent may be added 
16 in the solution within a range not compromising objective functions. The nonionic surface tension adjusting agent makes 
wettability of the solution to the coating object good, Improves leveling properties of the coating film, and serves for 
preventing granular or rough surface of the coating film from being generated. 

[0063] The nbnionlc surface active agents as described above Include a fluorine based surface active agent, a fluorine 
based surface active agent containing a fluorlnated alkyl group or perfluoroalkyl group, or a polyetheralkyl based surface 

20 active agent having an oxyalkyl group. Examples of the fluorine* based surface active agents Include 
C9F 19 CONHC n2 H 2S . C 0 F 17 SO 2 NH- (C^OJH. C9F 17 0(Pullronick L-35)C9F 17 . C^^O (Pullronick P*4)C 9 F 17 , and 
CgF^O (Tetronic-704) (C 9 F 17 ) a> wherein Pullronick-L-35 is a polyoxypropylene-polyoxyethylene block copolymer with 
a mean molecular weight of 1 ,900 made by Asahl Electrochemical Co.: Pullronick P-84 Is a polyoxypropylene-polyox- 
yethylene block copolymer with a mean molecular weight of 4,200 made by Asahl Electrochemical Co.; and Tetronto- 

26 704 Is a N.N^SN'-tetraWstpoIyoxypropylene-polyoxyethylene) block copolymer with a mean molecular weight of 5,000 
made by Asahl Electrochemical Co. 

[0054] Examples of the fluorine based surface active agent Include F-TOP EF301 , EF303 and EF352 (made by Shin- 
Akita Chemicals Co.), Megafax F171 and F173 (made by Dainihon Ink Co.), Ashahl Guard AG710 (made by Asahl 
Glass Co ) FloradeFC170C.FC430andFC431 (made by Sumitomo MMM Co.)» Surflon 3302, SC101, SC102, SC103, 
30 SC104, SC105 and SC106 (made by Asahl Glass Co.), BM1000 and 1100 (made by M-Chemle Co.), and Schsego- 
Ruor (made by Sehwegmann Co.). 

[0065] Examples of the polyetheralkyl based surface active agent Include polyoxyethylene alkylether, polyoxyethyl- 
ene ailylether, polyoxyethylene alkylphenolether, polyoxyethylene fatty acid ester, sorbltane fatty acid ester, polyox- 
yethylene sorbitene fatty add ester, and oxyethylene-prapylene block polymer. 

36 [0066] Examples of these polyetheralkyl based surface active agent Include Emargen 105, 430. 010 and 920, Leodot 
SP40S and TW-Ll20.Gmanol 3199 and 4110, Exel P-40S, Bridge 30, 52, 72 and 92, Arassel 20, Emasol 320. Tween 
20 and 60. Marge 45 (all of them are made by Kao Co.), and Nonipol 55 (made by Sanyo Chemicals Co.). The nontonio 
surface active agent other ihan those described above are, for example, polyoxyethylene fatty acid ester, polyoxyeth- 
ylene sorbitane fatty acid ester, and polyaalkyleneoxlde block copolymer, and example of them include Chemlstatt 

40 2500 (made by Sanyo Chemicals Co.), SN-EX922B (made by Sun-Nobuko Co.), and Nonal 530 (made by Toho Chem- 
ical Industries, Co.)- These nonlonic surface active agents ere used preferably In an amount of 0.01 to 10 parts by 
weight, In particular in an amount of 0.1 to 5 parts by weight, relative to 100 parts by weight of the combined amount 
of the components (a) and (b). The amount of less than 0.01 parts by weight is not preferable since the effect of the 
nonlonlc surface active agent is not displayed, while the amount of exceeding 10 parts by weight Is also not preferable 

4$ since the composition readily forms besides causing color change by heating. 

[0067] The viscosity of the silicon compound solution prepared is usually within a range of 1 to 100 PaS, and can 
be appropriately selected depending on the purpose of coating and thickness of the coating film. A viscosity of more 
than 100 Pa-S makes a uniform coating film to be difficult to obtain. 

[0068] While the substrate to be used Is not particularty restricted, conventional quarto, boroslllcate glass and soda 
so glass, as well as a transparent electrode such as ITO, metallic substrate such as gold, silver, copper, nickel, titanium, 
aluminum and tungsten, and a glass or plastic substrate comprising these metals on the surface, may be used. 
[0069] The Insulation film Is formed using the liquid material In the present invention, so far as it is possible. The 
liquid material that can be used for forming the Insulation film Includes polysilazane and SOG. Polysilazene has a Si- 
N-Si bond, and SOG has a SM>SI bond, and both substances may be coated on the substrate to from the coating 
55 film by the spin-coat method, roll-coat method, curtain coat method, dip-coat method, spray method and Ink-jet method. 
The method for forming the coating film can be selected depending on the thickness and uniformity of the coating film, 
and the size and shape of the substrate. While an Insulation film having better quality may be obtained as the heat 
treatment temperature after forming the coating film is higher, the temperature is appropriately selected considering 



8 



«. MAI. 2Mb 1/:12 



HAIbNIANW. LOUIS KOEHLAU LOHRENTZ 



NR. 9651 S. 10/21 



EP1 113 502 A1 

heat resistance of the substrata used, and process conditions of the semiconductor device. Using poiysilazene can 
afford an Insulation film having a better film quality than using SOG, when the heat treatment temperature Is relatively 
as low as 300 to 500° C. The Insulation film may be formed on the surface of the substrate by dipping the substrate in 
the liquid material. For example, a Si0 2 film can be formed on the substrate by dipping the substrate In an aqueous 
5 fluorosillclc acid solution and adding bono aoid in the aqueous solution, as disclosed In Japanese Unexamined Patent 
Application Publication No. 5-259154. When the performance of the thin film transistor Is remarkably influenced by the 
film quality of the gate insulation film determined by the heat treatment temperature In manufacturing the semiconductor 
device, the insulation film may be formed by the conventional film deposition method using an evacuation apparatus, 
or by heat oxidation. 

10 [0070] The conductive film is formed using the liquid material in the present invention, so far as It is possible. The 
conductive film is formed using the liquid material by a method comprising forming a coating film on the substrate by 
spin-coating, and heat-treating the coating film for converting Into a conductive film; or a method for forming the con- 
ductive film on the surface of the substrate by dipping the substrate In the liquid material. A suspension solution prepared 
by dispersing metal fine particles In an organic solution! or a solution prepared by dissolving an organic acid containing 

15 a metal in a solvent, may be used as the liquid material to be used in the method using the coating film. The suspension 
solution usually contains fine particles of a noble metal for forming a metallic film of Au or Ag. The organic acid solution 
containing In and Sn can be used for forming the ITO film. The dipping method available Include the so-called plating 
method, which can be used for forming metallic films of Nil, Cu or Au. For securing contact resistance between the 
conductive film and electrodes or source/drain regions of the thin film transistor In forming the conductive film, the 

20 sputtering method as a conventional film deposition method, or a combination of the sputtering method and the liquid 
material may be used for forming the conductive film. 

[0071] The present invention will be described In detail hereinafter with reference to the examples. 
(Example 1) 

25 

[0072] Example 1 of the present invention la shown In Fig. 4. The method for manufacturing a co-planar type thin 
film transistor is shown In Fig. 4 In the order of its manufacturing steps. 

[0073] . In Rg. 4. a coating film was at first formed on a glass substrate 401 at a rotational speed of 500 rpm using 
5% solution of a mixture of cyclopentasllane and cyclohexasilane as the silicon compound in benzene as a solvent 

30 Then, after removing the solvent In the coating film by heat-treating at 100°C for 30 minutes* a thin film containing 
silicon with' a thickness of 50 nm Is formed by heat-treating at 400°C for 30 minutes. Subsequently, a laser beam with 
an energy density of 250 mj/cm* was irradiated onto the thin film to form a polyciystalilne silicon film. The steps from 
forming the coating film to laser irradiation were performed in anAr gas atmosphere containing 1 ppm or less of oxygen. 
The coating film was formed and heat-treated in a glove box whose atmosphere had been controlled, and the laser 

36 beam was irradiated through a quartz glass window to the glass substrate placed In a sealed vessel provided with the 
quartz glass window and having the same atmosphere as that in the glove box. The glass substrate was taken out of 
the glove box into the air, followed by forming an islet region 402 to serve as source, drain and channel regions by 
photo-etching. 

10074] An Insulation film 403 was formed in the next step using the liquid material. In this example, 5% concentration 

40 of PoJysllazane In xylene as a solvent was coated on the substrate at a rotational speed of 200 rpm to form a coating 
film with a thickness of about 1200 A. Then, the solvent was removed by baking the coating film at 80 D C for 30 minutes, 
and the coating film was converted into a SIO2 film by heat-treating at 350°C for 60 minutes to form a gate Insulation 
film 403. Although the insulation film was heat-treated at 350°C, electrical characteristics of the gate insulation film as 
well as MOS interface characteristics are improved, thus Improving reliability of the thin film transistor, when the coating 

46 film Is heat-treated In an atmosphere containing oxygen and water vapor. 

[0075] Subsequently, a gate electrode 404 was formed using the liquid material. A solution of 8% concentration of 
an organic compound containing indium and tin In xylene as a solvent wps used in this example. A coating film was 
formed on the substrate at a rotational speed of 1500 rpm, followed by removing the solvent by a heat-treatent at 80°C, 
and an ITO film with a thickness of 2000 A was formed by heat-treating at 300°C. A gate electrode 404 as shown In 

to Rg. 4(c) was obtained by photo-etching. 

[0076] Subsequently, source/drain regions 405 and 400 were formed by an Jon-implantation method using the gate 
electrode 404 as amesk- The conditions for ion-implantation were an implantation energy of phosphorous of 70 KeV 
and an Implantation density of 1 x 1 0 1 s/cm 2 . The Ion-implantation was cam ed out while the photoresist used for forming 
the gate electrode was left behind on the ITO film. 

55 [0077] The source/drain regions above may be formed without using the ion-Implantation method. The gate insulation 
film on the source/drain regions are at first removed using the gate electrode 404 as a mask In the structure shown in 
Fig. 4{c). Then, a SOG-PSG film is formed by coating, and the film is annealed with a laser beam after removing the 
solvent in the SOG-PSG film and compacting it by a heat-treatment The source/drain regions are formed by allowing 
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phosphorous In the PSG film to diffuse into the silicon film as a lower layer. The SOG-PSG film may be removed 
thereafter, or may be remained to utilize It as a part of an interlayer Insulation film. 

[0078] The interlayer Insulation film 407 was formed In the next step using polysilazane as shown in Fig. 4(d). A - 
polysilazane solution with a concentration of 10% was coated on the substrate at a rotational speed of 1000 rpm to 
* form a coating film. Then, xylene as a sofvent was removed by baking at 80°C, and a SiOj film with a thickness of 
about 6000 A was formed by heat-treating at 350°C. While the heat-treatment at 3S0°C was carted out Ip an atmos- 
phere containing oxygen, electrical characteristics and reliability as an Insulation film may be further improved by heat- 
treating in an atmosphere containing oxygen and water vapor. 

[00791 An electrode layer was formed thereafter using the liquid material as shown in Fig. 4(e), after opening contact 
10 holes on the Interlayer insulation film 407. A suspension solution prepared by dispersing metal fine particles with a 
diameter of several tens angstrom in an organic solvent was used in this example. A coating film was formed by coating 
the suspension solution on the substrate, and the coating film was converted Into a conductive film by heat-treating at 
2O0°C after removing the solvent Finally, electrodes 408 and 408" were formed by patterning as shown in Fig. 4(e). 

is (Example 2) 

[0080] Example 2 In the present Invention la shown In Fig. 5. Fig. 5 shows one example of the manufacturing process 
of a stagger type thin film transistor. 

[0081] In Fig. 5(a), the reference numeral 501 denotes a glass substrate, the reference numerals 502 and 502' denote 
20 silicon films to serve as source/drain regions In which Impurities are doped. A solution with a vlscosityof 8 mPa-s 
prepared by dissolving 2g of 1,r-bls (oydohexasilane) in 10 g of toluene was spin-coated on a glass substrate 401 
under an argon atmosphere, and the coating film was heat-treated at 450°C in argon after drying at 1S0*C to form a 
metallic silicon film with a thickness of ©5 nrru Then, the film was annealed with a laser having an energy density of 
300 mJ/cm2 to form a polycrystalline silicon film. Phosphorous Ions were Infected into the polyerystalline silicon film 
25 by lon-Imptantatlon. and source/drain regions 502 and 502* were formed by patterning. 

[0082] The order of the laser annealing step and the ion-Implantation step and may be reversed, i.e. the ions are 
implanted at first and then annealed with a laser. When the steps are In this order, the Implanted ions may be activated 
simultaneously with crystallization of the silicon film. 

[0083] Otherwise, the lon-lmp!antetlon method may be omitted by taking advantage of a PSG film in forming the 
30 silicon film in which Impurities to serve as the source/drain regions are doped. After forming the polycrystelllne silicon 
fitmftom the coating film of the silicon compound as described above, a SOG-PSG film is formed by coating* the solvent 
In the SOG-PSG film is removed by heaMreatmeht, and the remaining film Is subjected to laser annealing. Phosphorous 
In the PSG film diffuses into the silicon film at the lower layer, thereby the silicon film In which Impurities are doped can 
be formed- The excess SOG-PSG film is removed thereafter to obtain a structure shown in Fig. 5(e)* The laser annealing 
36 step may be applied after forming the SOG-PSG film, after forming the coating film of the silicon compoiind and re- 
moving the solvent. 

[0084] Subsequently, the silicon film 503 to serve as a channel region was formed as shown in Fig. 5(b)- At first, a 
solution with a viscosity of 7 mPa>s was prepared by dissolving 2g of silylcydopentasllane in 10g of toluene, and then 
the solution was spin-coated on the substrate under an argon atmosphere followed by drying at 150 o Q. Then, the 
40 coated film was decomposed by heating at 450°C In argon containing 3% of hydrogen to form a metallic silicon film 
with a thickness of 50 nm. TTien, the silicon film was annealed w«h a laser to form a porycrystaiilne silicon film. An Islet 
region 503 to serve as a channel region for connecting to the source/drain regions was formed by photd-etching as 
shown In Fig. 5(b). 

[0085] In the next step, a gate Insulation film 504 is formed with the liquid material as sbwon In Fig. 5(g). At first, a 
4$ polysilazane solution with a concentration of 5% is coated on the substrate at a rotational speed of 2000 (pm to form 
a coating film with a thickness of 1200 A. Then, a gate insulation film 504 was formed by modifying tha coating film to 
a Si0 2 film by heat-treating the coating film at 350°C for 30 minutes. 

[00B6] In the next step, a gate electrode 505 Is formed with the liquid material as shown in Fig. 5(d). At first, a coating 
film is formed on the substrate at a rotational speed of 1500 rpm using a solution of an organic compound containing 
so indium and tin with a concentration of 8% in xylene. Then, the solvent was removed by heat-treatment at 80° C 4 followed 
by heat-treatment at 300°C to form an ITO film with a thickness of 2000 A. Then, a gate electrode 504 was formed as 
• shown In Fig. 5(c) by photo-etching. After the heat-treatment at 300*0 for 30 minutes, the substrate was token out in 
the air after subsequently cooling the substrate to 200°C In a reducing atmosphere of hydrogen to form the ITOtflm 
having a low reslstlvely. 

55 [0087] In the next step, an Interlayer Insulation film 506 is formed using tha liquid material as shown In Fig. 5(e). A 
coating film is at first formed by coating a solution with a concentration of 10% on the substrate at a rotational speed 
of 1000 rpm. Then, xylene as a solvent was removed by baking at 80°C, followed by heat-treating at 350°C to obtain 
a SiQ 2 film with a thickness of about 5000 A. 
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[0086] After opening contact holes on the interlayer insulation film 608 as shown in Fig. 6(f), electrode^ 507 and 50r 
were formed using the liquid material. The electrodes were formed using the ITO film In this example. U&lng a solution 
of an organic compound containing indium and tin with a concentration of 8% in xylene as a solvent, 'a coating film is 
formed on the substrate at a rotational speed of 1 600 rpm. Then, the solvent Is removed by a heat-treatment at;300° C 
* to form the ITO film with a thickness of about 2000 A. Finally, the electrodes 507 and 507" as shown In'Rg. 6(f) were 
formed by photo-etching. [ \ 

(Example 3) , j 

10 [0089] Example 3 of the present invention Is shown in Fig. 6. Fig. 6 shows one example of the manufacturing process 
of a reversed stagger type thin film transistor. A gate electrode 602 la at first formed on a glass substrate |S01 as shown 
in Fig. 6(a). A gate electrode was formed by an electroless plating in this example. Using a sodium-freej nickel plating 
solution, a nickel film with a thickness of about 4000 A was formed on the substrate. While the nickel film Is grown by 
allowing nickel to precipitate by dipping the substrate in the plating solution, an activator treatment Is applied tor cleaning 

19 the substrate as a pre-treatment step. Although a solution containing sodium Is usually used In the pr^-treatment, a 
sodium-free solution was used for the pre-treatment In the present Invention. The nickel film was patterned by a con- 
ventional photo-etching using a mixed solution of nitric add and glacial acetic acid as an etching solution. 

[0090] A gate insulation film 603 was formed as shown In Fig. 8(b) using the liquid material. Polysllakane solution 
with a concentration of 5% la at first coated on the substrate at a rotational speed of 2000 rpm to form a coating film 

20 with a thickness of about 1200 A Then, the solvent In the coating film was removed by heat-treating ad Bp°C. followed 
by heat-treating at 350°C to convert the coating film Into a SiOa film to form a gate Insulation film 603; 

[O091] Subsequently, a silicon film 604 that serves as a channel layer is formed using the liquid material as shown 
In Fig. 6(c). A coating solution with a viscosity of 1 0 mPa-s Is at first prepared by dissolving 2g of hexasflaprlsman (the 
compound I) in log of toluene, and a coating film Is formed by spin-coating this solution on the sub^ttate under an 

23 argon atmosphere containing 3% of hydrogen. Then . the coating solution was irradiated a UV light from a 500W high- 
pressure mercury-vapor lamp for five minutes to change the coating film to a solid film comprising pptyhydrosllane. 
This solid film 19 subsequently heated at 500°C in argon containing 3% of hydrogen to form a metallic silicon fflm with 
a thickness of 50 nm. Then, the film was annealed with a laser having an energy density of 260 mfoWto crystallize 
the silicon fflm into a polycryst^Jline silicon film. 

30 [0092] in the next step, an insulation film 605 that serves as a channel protective film, qnd a silicon film poa end 806" 
doped with Impurities that serves as source/drain regions are formed using the liquid material as shown in Flgl 6(d). 
The channel protective film can be formed using, for example, polysflazane as in forming the gate electrode. The silicon 
film doped with impurities thst serves as the source/drain regions may be formed by the same method ap forming the 
source/drain regions shown in Fig. 5(a). The film was formed by a method not using ion-implantation in this example. 

5* in other words, after forming the siOcon film from a coating film of the silicon compound, the SOG-POG flirti was formed 
by coating, and the solvent was removed by heat-treatment, followed by annealing the film with a laser, phosphorous 
in the FOG film diffused Into the silicon film as a lower layer. The excess SOG-PSG film Is removed thereafter to obtain 
the structure shown In Fig. 6(d)- The laser annealing step may be applied after removing the solvent frprh tie coating 
film of the silicon compound, and after forming the. SOG-POG film. 

40 [00939 Subsequently, electrodes 607 and 607* are formed from the liquid material as shown in Fig. 6(e]|. An ITO film 
was formed as an electrode in this example. Using a 6% solution of an organic compound containing indium and tin 
In xylene as a solvent a coating film is formed on the substrate at a rotational speed of 1500 rpm. Therj, the solvent 
is removed by heat-treating at 80'C, and the ITO film with a thickness of about 2000 A was formed by heat-treating at 
3O0*C. Subsequently, electrodes 607 and 607" were obtained as shown In Fig. 6(e) by photo-etching. The substrate 

4* was taken out into the air after cooling the substrate at about 150°C in a reducing atmosphere containing hydrogen, 
after heat-treating at 300°C for 30 to 60 minutes, In order to reduce resistivity of the ITO film. The eldcfrode formed 
using ITO Is a transparent electrode, which may be used as pixels required In a liquid crystal display device. 

Industrial Applicability • \ 

so 

[0094] All or a part of each thin film of the silicon film, insulation film and conductive film constituting jthe thin film 
transistor according to the present Invention are formed using the liquid materials. The principal method comprises 
forming coating films by coating the liquid materials on a substrate, and forming desired thin films by hdat-treatinjg the 
coating films. Accordingly, intrinsic problems in the conventional film deposition methods such as the CVD [method and 
S5 sputtering method can be solved, enabling the thin film transistor using a compact and cheap apparatu^ by forming 
the thin films with high productivity, small incidence of film defects, high manufacturing yield and good coverage at the 
steps. 

i 
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Claims 

1. A method for manufacturing a thtn film transistor comprising a silicon film, a gate Insulation film, a gate electrode - 
conductive film, an Interiayer insulation film, and a thin film for electrodes and wiring lines, the silicon film being 

s formed by the steps comprising: forming a coating film by coating a liquid material containing silicon atoms; and 

heat-treating and/or Irradiating a light for converting the coating film Into the silicon film. 

2. A method for manufacturing a thin film transistor comprising a silicon film, a gate Insulation film, a gate electrode 
conductive film, an (nterteyer Insulation film, a thin film for electrodes and wiring lines, and a transparent conductive 

f o film, the silicon film being formed by the steps comprising: forming a coating film by coating a liquid material con- 

taining silicon atoms; and heat-treating and/or irradiating a light for converting the coating film into the silicon film. 

9. A method for manufacturing a thin film transistor comprising the steps of: forming a coating film by coating a liquid 
material containing silicon atoms on an insulation substrate or insulation film; heat-treating and/or irradiating a light 
13 for converting the coating film into a silicon film; forming an islet region to serve as sources, drains and channels 

by pattering the silicon film; forming a gate insulation layer; forming a gate electrode; injecting Impurities into the 
source/drain regions; forming an interiayer insulation film; opening contact holes on the interiayer insulatfonfilm; 
and forming electrodes and wiring lines. 

20 4. A method for manufacturing a thin film transistor comprising the steps of: forming a semiconductor layer containing 
impurities that serves as source/drain regions on an insulation substrate or Insulation film; forming a coating film 
by coating a liquid material containing silicon atoms on the substrate; heat-treating and/or Irradiating a light for 
converting the coating film into a silicon film; forming an islet region to serve as a channel region to be connected 
to the source/drain regions by patterning the silicon film; forming a gate Insulation film; forming a get? electrode; 

25 forming an interiayer insulation film; opening contact holes on the interiayer insulation film; and forming electrodes 

and wiring lines. 

5. A method for manufacturing a thin film transistor comprising the steps of: forming a gate electrode on an insulation 
substrate or insulation film; forming a gate insulation film; forming a coating film by coating a liquid material con^ 
*0 talnlng silicon atoms on a substrate; heat-treating and/or Irradiating a light for converting the coating film Into a 

silicon film; forming a semiconductor layer containing Impurities that serves as source/drain regions; and forming 
electrodes and wiring tines. 

e. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the heat-treatment 
35 step comprises a first step for heat-treating and/or irradiating a light fpr converting the coated liquid material into 

an amorphous sflicon film, and a second step for heat-treating for converting the amorphous silicon film Into a 
ploycrystaitlne silicon film. 

7. A method for manufacturing a thin film transistor according to Claim 6, wherein the first step for heat-treating and/ 
40 or irradiating a I ight comprises a step for irradiating a light with a wavelength of 1 70 nm or more and 380' nm or less. 

8. A method for manufacturing a thin film transistor according to Claim 6, wherein the first heat-treatment step com- 
prises: removing a solvent contained in the coating film formed with the liquid material containing silicon atoms; 
end converting the coating film Into an amorphous silicon film by heat-treating at a temperature higher than the 

45 temperature In the step for removing the solvent- 

9. A method for manufacturing a thin film transistor according to Claim 6, wherein the second heat-treatment step 
comprises heat-treating with an Intense light such as lamp annealing or laser annealing. 

50 10. A method for manufacturing a thin film transistor according to Claims 1 to 6, wherein the heat-treatment step using 
an intense light such as lamp annealing or laser annealing is carried out in an atmosphere containing ho oxygen. 

11. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the step Jtor forming 
the gate Insulation film comprises coating the substrate with polysilazane, and converting coated pofysilazane Into 

55 a SiOi film by heat-treatment 

12. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the step for forming 
thfe gate electrode comprises: forming a coating film by coating a liquid material containing a metal on the substrate 
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with; converting the coating film into a metal film by heat-treatment; and pattering the metal film. 

1 3. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
the gate electrode comprises: forming a metal film on the substrate by plating; and patterning the metal film. 

5 

14 Amethod for manufacturing a thin film transistor according to any one of Claims 1 to 5 f wherein the step forforming 
the gate electrode comprises: forming a coating film by coating an organic compound containing Indium and tin 
on the substrate: and heat-treating the coating film for converting Into an ITO (Indlum-Tln-Oxide) film. 

10 1S. A method for manufacturing a thin film transistor according to Claims 1 to 5, wherein the step for forming the 
Intertayer Insulation film comprises: coating polysllazane on the substrate; and converting polysitazana Into a SIO2 
film by heat-treatment. 

16. Amethodfermanufacturingathlnfllmtranslstoraccofidlngtoanyoneof Claims 1 to 5. wherein the step for forming 
15 the electrodes and wiring lines comprises: forming a coating) film by coating a liquid material containing a metal 

on a substrate; converting the coating film Into a metal film by heat-treatment; and patterning the metal film. 

17. A method fbr manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
tha.electrodes and wiring lines comprises: forming a metal film on a substrate by plating; and patterning the metal 

20 film. 

18. A method for manufacturing a ihin film transistor according to any one of Claims 1 to 5, wherein the step for forming 
the electrodes and wiring lines comprises: forming a coating film by coating an organic compound containing indium 
and fin on the substrate; and heat-treating fbr converting the coating film Into an ITO (Indium-Tin-Oxide) film. 

19. a method for manufacturing a thin film transistor according to Claim 2, wherein the step for forming the transparent 
substrate comprises: forming a coating film by coating an organic compound containing indium and tin on the 
substrate; and heat-treating for converting the coating film Into an FTQ (Indium-Tln-Oxlde) film. 

30 20. A method for manufacturing a thin film transistor according to any one of Claims 1 to 3, wherein the liquid material 
containing silicone atoms contains a silicon compound having a cyclic group represented by a general formula of 
Si^X™ (wherein n represents an Integer of 5 or more, m represents an integer of n. 2n-2 or 2n, and'X represents 
a hydrogen atom and/or a halogen atom). 

35 21. A method for manufacturing a thin film transistor according to Claim 20. wherein n Is an integer in the range of 5 
or more and 20 or less In the slilcon compound having a cyclic group represented by the general formula of 

22. A method for manufacturing a thin film transistor according to Claim 20, wherein the solute concentration of the 
solution containing the silicon compound having a cyclic group represented by the general formula of is in 

40 the range of 1 to 80% by weight 

23. A method for manufacturing a thin film transistor according to Claim 20. wherein the solution containing the silicon 
compound having a cyclic group represented by the general formula of 8^ has a viscosity of 1 to 100 mPa-s. 

46 24. A method far manufacturing a thin film transistor according to Claim 20, wherein the solution containing the silicone 
compound having a cyclic group represented by the general formula of SinX m has a vapor pressure of 0.001 to 
100 mmHg at room temperature. 

25. A method for manufacturing a thin film transistor according to Clairn 20 or 21, wherein hydrocarbons are used for 
60 the solvent for the solution containing the silicone compound having a cyclic group represented by the general 

formula ofSi^. 

26. A method for manufacturing a thin film transistor comprising thin films of a silicon film, a gate insulation film, a gate 
electrode conductive film, en interiayer insulation film . and a conductive film for electrodes and wiring lines, wherein 

go all the thin films are formed using liquid materials, and no evacuation apparatus is used forforming all the thin films. 

27. A method for manufacturing a thin film transistor comprising thin films of a silicon film, a gate insulation film, a gate 
electrode cohductive film, an Intertayer insulation film, a conductive film for electrodes and wiring lines, and a 
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transparent conductive film, whfereln all the thin films are formed using liquid materials, end no evacuation appa- 
ratus is used for forming all the thin films. 
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